ABSTRACT
INTRODUCTION
Tension fittings are one in which the bolt is loaded primarily in tension and they are used in the various applications like removable wing root joints of fighter wings, wing root joints at the four corners of the wing box, circumferential production joints on assemblies of fuselage sections, axial load transfer of the fuselage stringer by using tension bolt to go through major bulk head web rather than by cutting a large hole in the web and back-up fittings for support pylons, flap tracks etc., which have to go through wing box [1] . Channel fitting is a type of tension fitting. The cross section of the fitting resembles channel section. The web of the fitting is connected to walls of the fitting on both the sides. The channel fitting used in the present study is shown in Figure 1 . 
DIMENSIONS AND BOLT NUMBERING
The dimensions of channel fitting are used for modeling in this study, material and loading on the fitting are shown below. The following are the bolt numbering of the channel type fitting. 
FINITE ELEMENT MODELING
The channel fitting is modelled using Hyper Mesh / Patran and analyzed using MSC/Nastran [2] . Appropriate local co-ordinate systems have been used in the various zones of channel fitting to define the orientation of bolts. The walls of channel fitting are modelled using CHEXA elements of the MSC/NASTRAN element library. The thicknesses of various zones are defined using the PSOLID card. The air loads are applied through PLOAD4 cards. The boundary conditions are simulated using the SPC cards and finally the materials properties are specified using the MAT1 cards.
Modeling bolts for three-dimensional finite element applications have, and still continue to raise questions. The limitations on model size sometimes make modeling of solid bolts impractical. Therefore, many analysts choose other analytical methods to model bolts.
Bolted joints are generally made up of the bolt group (head, stud, and nut) and the flange (top and bottom), as shown in Figure 4 . Bolted connections are designed to hold two or more parts together to form an assembly. In the current scenario, the stud of a bolt is modelled using spring element (CELAS). CELAS is a Scalar spring element that connects two degrees of freedom at two different grid points. They behave like simple extension/compression or rotational (e.g. clock) springs, carrying either force or moment loads. Forces result in translational (axial) displacement and moments result in rotational displacement. Translational stiffness as well as rotational stiffness can be defined separately. End A and End B are the both ends of the element, each node in the case of a twonodes CELAS2 element.
Since the walls of channels fitting are modelled with CHEXA element, RBE2 element is used to transfer load from CELAS element to the all CHEXA elements around the hole ( Figure 5 ). The results are generated in the MSC/NASTRAN. The results are post-processed in PATRAN. Bolt loads at the various bolt locations are extracted using PATRAN. These free body loads are used for checking the number of bolts provided in the respective sections for adequacy.
LOADS AND BOUNDARY CONDITIONS
The channel fitting under study is assumed to be connected firmly to the backup structure using Titanium rivets (Ti-6AL-4V).
The loading on the fitting is assumed in the form of a pressure load at pad end (numerical value is given under Section 2). The load is assumed to be transferred through bolts.
MATERIALS
The channel fitting is made using the Aluminum alloy. Back up structure uses Aluminum alloy. Bolts are made up of Titanium alloy. The properties used for the analysis are typical as listed in MMPDS [3] .
ANALYSIS
The fastener flexibility is a measure of the influence of fasteners (rivets, bolts, etc.) on the flexibility of the whole joints. It plays an important role when considering the factors influencing the strength level and fatigue life of an aircraft joint.
The flexibility can be defined as follows:
in which F refers to the external force and ∆l to the deflection of the joint due to the fastening (in other words: the deflection of the joint around the fastener excluding the normal extension of the sheet material).
In terms of load transfer and deformation, the fasteners stiffness (flexibility) determines the way load is transferred from one component to another, and choosing the right value of stiffness is an important factor in the results of a joint analysis ( Figure 6 ). The basic approach to model a flexible joint is representing the fasteners and the fastened components by springs, with the corresponding flexibility as follows. In that way some equations of compatibility must be satisfied by the system plates-fasteners with coherent deformations. There are several formulations for the fasteners flexibility. The most important existing and recognized formulas are, with the parameters defined as follows, 
RESULTS AND DISCUSSIONS:
The results are presented for the following five boundary conditions. 
Major Principal Stress
Major principal stress variation in the channel fitting is presented in this paragraph. The aim of the exercise is to identify the most suitable bolt flexibility model that makes the full channel fitting useable (fully stressed design). It is observed that the load is getting transferred from pad end to the free end ( Figure 1 ) by proper modeling of the flexibility of bolts when compared to fixed condition to various degrees in the 4 bolt flexibility models. Distribution of major principal stress in the channel fitting using various bolt flexibility models is shown in Figure 8 . . In Tate's method of modeling for fasteners, it is observer that the Maximum Principal stress obtained is 90.15 MPa (73.31 % of 122.97 MPa). In Boeing's method of modeling for fasteners, it is observed that the Maximum Principal stress obtained is 66.93 MPa (54.43 % of 122.97 MPa). In Grumman's method of modeling for fasteners, it is observed that the Maximum Principal stress obtained is 78.17 MPa (63.57% of 122.97 MPa). In Huth's method of modeling for fasteners, it is observed that the Maximum Principal stress obtained is 71.89 MPa (58.47 % of 122.97 MPa). In Swift's method of modeling for fasteners, it is observed that the Maximum Principal stress obtained is 67.30MPa (54.73% of 122.97 MPa). Similarly, the percentage variation of the major principal stress at 24A, 23A, 22A and 21A are presented in Figure 9 . 
Minor Principal Stress
Minor principal stress variation in the channel fitting is studied. It is observed that the load is getting transferred from pad end to the free end (Figure 1 ) by proper modeling of the flexibility of bolts when compared to fixed condition to various degrees in the different bolt flexibility models. Distribution of minor principal stress in the channel fitting using various bolt flexibility models is shown in Figure 10 . A study of stress at each bolt location is made to understand best stress flow under the given loading condition. It is observed that for Bolt 24 (Figure 3) , The Minor Principal stress at location 'A' (Figure 11 ) in the fixed boundary condition model is observed to be -136.63MPa (-19816.93lb/in 2 ) . In Tate's method of modeling for fasteners, it is observer that the Minor principal stress obtained . In Boeing's method of modeling for fasteners, it is observed that the Minor principal stress obtained is -151.88MPa . In Grumman's method of modeling for fasteners, it is observed that the Minor principal stress obtained . In Huth's method of modeling for fasteners, it is observed that the Minor principal stress obtained is -137.26MPa (100.46 % of -136.63 MPa). In Swift's method of modeling for fasteners, it is observed that the Minor principal stress obtained . Similarly, the percentage variation of the Minor principal stress at 24A, 23A, 22A and 21A are presented in Figure 11 . 
Maximum Shear Stress
Maximum Shear stress variation in the channel fitting is studied. It is observed that the load is getting transferred from pad end to the free end ( Figure 1 ) by proper modeling of the flexibility of bolts when compared to fixed condition to various degrees in the different bolt flexibility models. Distribution of Maximum Shear Stress in the channel fitting using various bolt flexibility models is shown in Figure 12 . . In Tate's method of modeling for fasteners, it is observer that the Maximum Shear Stress obtained is 106.80MPa (104.93 % of 101.78MPa). In Boeing's method of modeling for fasteners, it is observed that the Maximum Shear Stress obtained is 121.01MPa (118.90 % of 101.78MPa). In Grumman's method of modeling for fasteners, it is observed that the Maximum Shear Stress obtained is 109.91MPa (107.98% of 101.78MPa). In Huth's method of modeling for fasteners, it is observed that the Maximum Shear Stress obtained is 102.28MPa (100.49 % of 101.78MPa). In Swift's method of modeling for fasteners, it is observed that the Maximum Shear Stress obtained is 111.78MPa (109.83% of 101.78MPa). Similarly, the percentage variation of the Maximum Shear Stress at 24A, 23A, 22A and 21A are presented in Figure 13 . 
von-Mises Stress
von-Mises stress variation in the channel fitting is studied. It is observed that the load is getting transferred from pad end to the free end (Figure 1 ) by proper modeling of the flexibility of bolts when compared to fixed condition to various degrees in the different bolt flexibility models. Distribution of von-Mises stress in the channel fitting using various bolt flexibility models is shown in Figure 14 . . In Tate's method of modeling for fasteners, it is observer that the von-Mises stress obtained is 185.54MPa (104.82% of 177.01MPa). In Boeing's method of modeling for fasteners, it is observed that the von-Mises stress obtained is 209.79 MPa (118.52% of 177.01MPa). In Grumman's method of modeling for fasteners, it is observed that the von-Mises stress obtained is 190.76MPa (107.77% of 177.01MPa). In Huth's method of modeling for fasteners, it is observed that the von-Mises stress obtained is 177.87 MPa (100.49 % of 177.01MPa). In Swift's method of modeling for fasteners, it is observed that the von-Mises stress obtained is 194.01MPa (109.60% of 177.01MPa). Similarly, the percentage variation of the vonMises stress at 21A, 22A, 23A and 24A are presented in Figure 15 . 
CONCLUSIONS
In this study, a typical channel fitting is modelled using 4 types of fastener flexibility models. The results are compared and studied with the fixed boundary conditions for the variation of major principal, minor principal, maximum shear and von-Mises stresses in the various parts of the channel fitting. The following conclusions are drawn from the study.
1. The flexible boundary conditions allow for a better load flow into the channel fitting as compared to the fixed boundary condition. 2. The flexible boundary conditions modeling helps in bolts in a more realistic modeling as compared to the fixed boundary conditions. 3. The Tate's method of flexibility calculations models the bolts in a better way (as determined by the percentage of stress flow) the flow of load from the load applications (pad end) end of the fitting to the free end of the channel fitting. 4. The deflection pattern is comparable in both bolt flexibility models. 5. Capturing of stress pattern is comparable in both bolt flexibility models.
